Objective: To determine the incidence of fetal vessel thrombosis in monochorionic-diamniotic and dichorionic-diamniotic twin placentas, and its association with intrauterine growth retardation (IUGR), hypertensive disorders of pregnancy, twin-twin transfusion syndrome (TTTS), fetal vascular anastomoses, chorangiosis, and chorioamnionitis.
Introduction
Fetal thrombotic vasculopathy, characterized by avascular or degenerate terminal villi secondary to upstream vascular occlusion, is associated with adverse fetal outcomes. In singleton gestations, thrombosis is associated with intrauterine fetal demise, intrauterine growth retardation (IUGR), perinatal liver disease, neonatal encephalopathy, and cerebral palsy. [1] [2] [3] [4] Both fetal coagulation disorders and altered umbilical blood flow may lead to fetal thrombotic vasculopathy. 2, 4 In particular, umbilical cord abnormalities (cord entanglement, small cord diameter, hypercoiling, and abnormal insertion) have been shown to occur at a significantly higher rate among cases with fetal thrombotic vasculopathy. 4 Fetal thrombotic vasculopathy in twin placentas is less well understood. A recent study has shown a higher incidence of fetal thrombotic vasculopathy in monochorionic twin placentas compared with dichorionic placentas. 5 We aimed to verify this finding, and to study its association with IUGR in monochorionic and dichorionic twins. Incidence of fetal vessel thrombosis in monochorionic twins with fetal vascular anastomoses and twin-twin transfusion syndrome (TTTS) was determined. Other maternal and placental characteristics, including hypertensive disorders of pregnancy, chorangiosis, and chorioamnionitis, were also evaluated for possible association with fetal vessel thrombosis in both monochorionic and dichorionic twins.
Methods
After approval from the Institutional Review Board, the surgical pathology database at Beth Israel Deaconess Medical Center was searched for all cases of twin placentas received over a 3-year period. Per protocol, all placentas from multi-gestation pregnancies were sent to pathology for evaluation. Eighty sequential pairs of monochorionic-diamniotic twins (n ¼ 160) and 80 sequential pairs of dichorionic-diamniotic single disc twins (n ¼ 160) were studied. Zygosity of the dichorionic twins was not known. Clinical information, including maternal age, gestational age, presence or absence of IUGR, TTTS, hypertensive disorders of pregnancy, chorangiosis, and chorioamnionitis, was obtained from the electronic medical records.
IUGR was defined as a birth weight or most recent available fetal weight by ultrasound below 10th percentile for gestational age. 6 The occurrence of IUGR in either one or both twins of a given pair was noted. Hypertensive disorders of pregnancy included clinical diagnoses of gestational hypertension, mild pre-eclampsia, severe pre-elampsia, eclampsia, chronic hypertension, and superimposed pre-eclampsia.
Clinical criteria for TTTS refer to monochorionic twins with 20% discordance in the estimated birth weight and any discrepancy in the amniotic fluid volume. These criteria are more stringent than the Quintero staging system 7 and are expected to lower the falsepositive diagnostic rate. Data regarding fetal vascular anastomoses were obtained from the original pathology reports, which were identified by gross examination for any communicating vasculature on the fetal surface between the two fetal vascular systems. No dye-injection studies were performed.
The placenta from each individual twin was represented in at least four histology blocks, including the umbilical cord (1 block), the fetal membranes (1 block), and the placental disc (2 blocks). The histologic slides were reviewed by the three authors in a blinded manner. Each case was examined for the presence or absence of the following: (1) five or more adjacent avascular chorionic villi and (2) fibrin thrombi in one or more muscular vessels of the chorionic plate or stem villi. To ensure the finding of avascular villi was a result of restricted fetal blood flow as opposed to decreased maternal blood flow (infarct), any clusters of avascular villi coated with fibrin were strictly excluded. Intravascular thrombus was defined as a discrete fibrin clot adhered to the endothelium on at least one side, with or without endothelial damage and extravasated erythrocytes. Each case had to fulfill criteria for both avascular villi and intravascular thrombi to qualify as fetal vessel thrombosis.
Other histologic findings examined included chorangiosis and chorioamnionitis. Chorangiosis was defined as X10 capillaries per terminal villus in X10 villi in multiple regions of the placenta. 8 Clinical suggestion of chorioamnionitis had to be confirmed by histology. Association of fetal vessel thrombosis with each clinical or pathologic variable was analyzed by two-tailed w 2 test. Statistical significance was defined as a P-value p0.050.
Results
The clinical, gross, and histologic findings are summarized in Table 1 . The maternal age and gestational age at delivery were slightly higher in the dichorionic group compared with the monochorionic group. The proportion of cases with IUGR, hypertensive disorders of pregnancy, chorangiosis, and chorioamnionitis did not differ significantly between groups. TTTS and gross vascular anastomoses were findings specific to the monochorionic twin placentas.
Counting each twin individually, fetal vessel thrombosis was identified in 7.5% of the monochorionic and 3.1% of the dichorionic twin placentas (Table 1) . This difference was not statistically significant (P ¼ 0.090). Microscopically, fetal vessel thrombosis was characterized by groups of X5 avascular villi, often with stromal karyorrhexis, and coexistent fibrin thrombi in the plate or stem vessels (Figure 1) . IUGR was diagnosed in 7.5% of individual monochorionic twins and 8.1% of individual dichorionic twins (each twin considered separately) ( Table 1 ). All monochorionic cases with IUGR occurred in only one twin of a twin pair. In contrast, three pairs of dichorionic twins showed IUGR involving both twins.
Association of fetal vessel thrombosis with other findings are shown in Table 2 . IUGR in monochorionic twins was strongly associated with fetal vessel thrombosis (P<0.0001), but the same association was not observed in the dichorionic twins (P ¼ 0.33). Hypertensive disorders of pregnancy was associated with fetal vessel thrombosis in the dichorionic twin placentas (P ¼ 0.018), but not in the monochorionic placentas (P ¼ 0.59). Fetal vessel thrombosis showed no relation with either TTTS (P ¼ 0.67) or vascular anastomoses (P ¼ 0.56). Neither chorangiosis nor chorioamnionitis associated with fetal vessel thrombosis (P ¼ 0.35 and 0.29, respectively).
Discussion
We have identified fetal vessel thrombosis at a similar frequency compared with an earlier report. Sato and Benirschke 5 reported fetal thrombotic vasculopathy in 5.1% of monochorionic and 3.0% Fetal vessel thrombosis in twin placentas MP Chan et al of dichorionic placentas compared with our 7.5 and 3.1%, respectively. The slightly higher rates detected by our study may be due to our more liberal definition of thrombosis. Their criteria, adapted from Redline and Pappin, 9 was villous sclerosis (absence of capillaries) in >15 contiguous terminal villi with a distribution consistent with upstream vascular occlusion. Their standard was developed as a surrogate for 'fetal thrombotic vasculopathy' and as a specific predictor of long-term neural impairment. 10, 11 Our study accepted groups of X5 avascular terminal villi when a coexistent intravascular fibrin thrombus was present. We felt that detection of a thrombus was likely more important than the size of the ischemic lesion, given limited sampling of placentas. Extensive sampling is not a common practice in community practice; therefore, a softer criteria for avascular terminal villi may be helpful in retaining their significance in explaining IUGR. By implementing the additional criteria of an associated intravascular fibrin thrombus, we believe the presence of X5 avascular villi is clinically significant. Using our criteria, we found a trend toward higher incidence of thrombosis in monochorionic twins compared with dichorionic twins that is not statistically significant (P ¼ 0.090). Sato and Benirschke, 5 on the other hand, showed the same trend with statistical significance. Although this discrepancy may be explained by the difference in criteria, it may also be in part due to a considerably smaller number of cases in our study.
Fetal thrombotic vasculopathy has earlier been associated with IUGR in monochorionic twins and was independent of the presence of inter-twin vacular anatamoses. 4 Our study has shown the same relationship using our criteria for fetal vessel thrombosis and supported its link with adverse fetal outcomes. Although Sato and Benirschke 5 have found this association to be true in both monochorionic and dichorionic twins, our study is able to show this association in the monochorionic twins only. Our findings suggest that fetal vessel thrombosis may have a more prominent impact on fetal growth in monochorionic twins, whereas IUGR in dichorionic twins may be affected by a broader range of insults such as uteroplacental insufficiency. Further evidence for such vascular reserve is the reported association between discordant growth and velamentous cord insertion in monochorionic twins, but not in dichorionic twins. 12 Of note, velamentous cord insertion is known to be associated with fetal vessel thrombosis. 4 The effects of pre-eclampsia on the uteroplacental circulation are well known, including small placental size, decidual arteriopathy, infarcts in the central portion of the placenta, abruption, and intervillous thrombosis. 13 Twin gestations are more prone to developing pre-eclampsia, 14, 15 but this relationship has not been consistently shown to be related to twin zygosity. 16 By including all hypertensive disorders of pregnancy, we aimed to detect any effects of maternal hypertension on the development of fetal vessel thrombosis. Interestingly, our results suggest an association between maternal hypertension and fetal vessel thrombosis in the dichorionic twins only. There is no clear explanation for this.
TTTS has long been recognized as a cause of discordant growth in monochorionic twins. 17 Here, we found no association between TTTS and fetal vessel thrombosis. Recent literature suggests that TTTS may be due to the differential effects of arterio-arterial and arterio-venous anastomoses. The relative rarity of TTTS in monochorionic-monoamniotic twin placentas suggests that arterio-arterial anastomoses, most common in such placentas, may have a protective function. 18 In addition, TTTS in monochorionic-diamniotic twins occurs predominantly in the presence of arterio-venous anastomoses without compensating superficial arterio-arterial anastomoses. 19 Our study did not show an association between fetal vessel thrombosis and the presence of vascular anastomoses. However, our analysis is limited, as the diagnosis of vascular anastomoses was based on gross examination without dye injection and may have underestimated the actual occurrence. We also did not distinguish arterio-arterial from arterio-venous anastomoses, which precludes further analysis of our findings.
Chorangiosis showed no association with fetal vessel thrombosis. Earlier reports have suggested long-standing placental hypoperfusion or low-grade tissue hypoxia as the initiating event in the generation of chorangiosis. This hypothesis is based on a higher incidence of chorangiosis in placentas delivered at high altitude, patients with anemia, smokers, and placentas with cord anomalies. [20] [21] [22] However, study by Ogino and Redline 23 has found no significant association of chorangiosis with small placental size, accelerated villous maturation, or IUGR, suggesting that any effects of hypoxia in chorangiosis must be late in onset or occur in a background of adequate uteroplacental blood flow. This hypothesis serves as a possible explanation for our finding, considering that the effect of chorangiosis would be late onset and, therefore, unlikely to cause significant fetal thrombosis. Likewise, chorioamnionitis occurs primarily with rupture of membranes toward the end of pregnancy, and, therefore, is unlikely to result in fetal vessel thrombosis.
Although we have shown significant association of fetal vessel thrombosis with IUGR in monochorionic twins, and with hypertensive disorders of pregnancy in dichorionic twins, our study is not without limitations. As earlier noted, we used a different, more liberal definition of fetal vascular thrombosis. However, if this definition was too encompassing, one would expect to see misclassification bias, which is toward the null. Thus, our positive findings are likely robust. Rather, because of such bias and a relatively small sample size, our study is more prone to Type II error. For example, for our primary outcome of incidence of vascular thrombosis in mono-and dichorionic twins, a difference likely exists, but we were underpowered to show the difference. This may have also been true for some of the outcomes examined.
In summary, fetal vessel thrombosis occurs at a slightly higher rate in monochorionic twins compared with dichorionic twins. It is associated with IUGR in monochorionic twins, but not with TTTS or fetal vascular anastomoses. In dichorionic twins, fetal vessel thrombosis seems to associate with hypertensive disorders of pregnancy, although the clinical significance is unclear.
